PHYSICS OF PLASMAS VOLUME 5, NUMBER 5 MAY 1998

ExB flow shear and enhanced confinement in the Madison Symmetric
Torus reversed-field pinch *

B. E. Chapman,™® A. F. Almagri, J. K. Anderson, C.-S. Chiang, D. Craig, G. Fiksel,
N. E. Lanier, S. C. Prager, J. S. Sarff, M. R. Stoneking, and P. W. Terry
Department of Physics, University of Wisconsin-Madison, Madison, Wisconsin 53706

(Received 21 November 1997; accepted 2 February )1998

StrongE x B flow shear occurs in the edge of three types of enhanced confinement discharge in the
Madison Symmetric Toru§Dexter et al, Fusion Technoll9, 131 (1991)] reversed-field pinch.
Measurements in standafidw confinementdischarges indicate that global magnetic fluctuations
drive particle and energy transport in the plasma core, while electrostatic fluctuations drive particle
transport in the plasma edge. This paper explores possible contributi@sB®fflow shear to the
reduction of both the magnetic and electrostatic fluctuations and, thus, the improved confinement. In
one case, shear in thex B flow occurs when the edge plasma is biased. Biased discharges exhibit
changes in the edge electrostatic fluctuations and improved particle confinement. In two other cases,
the flow shear emerged) when auxiliary current is driven in the edge a(® spontaneously,
following sawtooth crashes. Both edge electrostatic and global magnetic fluctuations are reduced in
these discharges, and both particle and energy confinement improveQ9®American Institute of
Physics[S1070-664X98)94605-3

I. INTRODUCTION ture profiles and a global improvement in particle and energy
confinemenf:®
The reversed-field pinch is a toroidal magnetically con-  |n all H-mode discharges, tHex B flow shear emerges

fined plasma configuration distinguished by a toroidal magyye to increased gradients in the radial electric field, induced
netic field whose direction in the plasma edge is oppoan)y a variety of techniques. In one case, these gradients and

that in the core. Confinement of particles and energy in then s assqciated flow shear are driven by positively or nega-
reversed-field pinch is limited by both electrostatic and mag'tively biasing the edge plasnia.g., see Ref. 10In another

netic fluctuations, but these fluctuations play different rOIescase the flow shear is generated internally by the plasma
in the core and edgéhe radius across which the toroidal ’

field reverses is usually taken to be the boundary between thWhen sufficient heat flux passes through the edge pldSma.

plasma core and edgeAccording to recent measurements, 'Fh|s heat flux is sometimes provided by sawtooth crashes,

magnetic fluctuations govern both particland energy which cau.'se. an increase in transpgrt from thg .core .to the
transport in the plasma core, while electrostatic fluctuation€dge, but it is more commonly provided by auxiligradio
govern particle transport in the edy& The mechanism un- frequency and neutral bearheating®*?~*¢
derlying energy transport in the edge has not been estab- In the Madison Symmetric TorudST)*® reversed-field
lished. pinch (RFP), there are three cases where enhanced confine-
In the tokamak, on the other hand, magnetic fluctuationgnent is accompanied by stroig< B flow shear. In one case,
are relatively small, and particle and energy transport ar¢he plasma edge is positively or negatively biased with in-
generally believed to be governed everywhere by electrosertable prob).'® With sufficient bias, edge floating poten-
static fluctuations. Edge electrostatic fluctuations in some totial fluctuations are reduced and global particle confinement
kamak dischargegeferred to as high mode or H-mode dis- improves, with little change in energy confinement. In the
chargegare reduced in the presence of locally shedte®  second case, thExB flow shear and enhanced confinement
flow.>’ Theoretically; ExB flow shear can reduce turbulent gecyr spontaneously, following sawtooth crasHe€ These
fluctuations, and potentially fluctuation induced transportyischarges exhibit a reduction of both the edge electrostatic

when the so-called strong shear criterion is satisfied. Fofj,.yations and the core-resonant, global magnetic fluctua-
E xB flow to be strongly sheared, the flow shearing rate mus{ions and both particle and energy confinement improve.
be larger than the rate of turbulent radial decorrelation in the Ir,1 the third case. the flow shear and enhanced confine-

absence of flow shedrln the tokamak, fluctuations are re- . L . ) .
ment occur with the application of inductive auxiliary cur-

duced both within and beyond the region of strong shear, ) i ) o
y g g ent drive (and possibly ohmic heatingin the plasma

leading to a local steepening of the density and/or tempera{— 19-21 } ; _ )
edge.~“"Again, both electrostatic and magnetic fluctuations

are reduced, and both particle and energy confinement
*Paper kWeall-3 Bull. Am. Phys. So42, 1945(1997. . 19-21 . . . .
"lnvited speaker. improve: The improved confinement in these discharges
dElectronic mail: chapman@Ioki.physics.wisc.edu has been attributed to the reduction of the core-resonant
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magnetic fluctuations brought about by the auxiliary edgemaximum line-averaged densityng)~6x 102 cm 3, At
current. These fluctuationgearing modesare driven by a 500 kA, the minimumF~ —0.2, and the maximungn,)
gradient in thew= u,J-B/B? profile, wherel is the current  —1.2x 10" cm 3. Of the three types of enhanced confine-
density, and the purpose of the edge current drive is to rement discharge described in this paper, EC discharges are the
duce this gradient. In this paper, we will discuss the possimost sensitive to the condition of the plasma-facing wall.
bility that Ex B flow shear can also contribute to the fluctua- with poor (contaminategiwall conditions, these discharges
tion reduction in these discharg¥s. are degraded or even prevented altogether. Fueling technique
Present analytical thedtyregarding the reduction of also plays a role in EC discharges, as wall fueling is pre-
fluctuations by ExB flow shear deals only with short- ferred over gas puff fueling. Wall fueling is achieved by
wavelength electrostatic fluctuations lying entirely within the preloading the wall with fuelhydrogen or deuteriumand
region of strong shear. This theory can explain some obseturning off the puffing system after initiation of each dis-
vations of fluctuation reduction in the MST. However, the charge.
reduction in the MST includes both long-wavelength electro-  The discharges utilizing auxiliary edge current drive, to
static and global magnetic fluctuations, whose correlationvhich we refer henceforth as pulsed poloidal current drive
lengths are substantially larger than the width of the sheafor PPCD) discharges, share many of the features of EC
region. The reduction of long-wavelength electrostatic fluc-dischargegsome of which will be shown belowPPCD en-
tuations by local flow shear is certainly conceivable, as longails a series of inductively driven edge current pulses whose
as the fluctuationgeddieg overlap the shear region at some primary purpose is to tailor the parallel current profile to
location. Further, we will introduce the idea that the flow reduce the global magnetic fluctuatioisee Refs. 19—-21 for
shear can also affect global magnetic fluctuatidiering  detaily. These current pulses are brought about by changing
modes, in the casgapplicable to the MSTTwhere the flow  the edge toroidal magnetic field, which becomes strongly
shear is located well outside the mode’s resistive layer ofeversed with PPCD. The best PPCD energy confinement is

associated islands. achieved at relatively low densitye.g., (ng)~7x 10
cm 2 atl »~200 kA). The increased reversal of the toroidal
IIl. EXPERIMENTAL APPARATUS AND TECHNIQUE magnetic field results in a typic#d of ~—1.0, but it is not

known if this deeper reversal is important to the formation of

These experiments were conducted in the MST RFPthe strongly sheared flow, as is the case in EC discharges
The ohmically heated MST plasma has a major radius of 15@shown below. PPCD discharges require conditioning of the
cm and a minor radius of 51 cm, determined by graphiteplasma-facing wall, but they are less sensitive to adverse
limiters covering 10% of the plasma-facing wall. Condition- wall conditions than EC discharges. PPCD discharges also
ing of the plasma-facing wall, necessary to a varying degre@ppear to have a dependence on fueling technique similar to
in all the discharges described here, is accomplished witkhat of EC discharges.
helium pulsed-discharge cleaning and boronizatton. Much of the data presented below, including profiles of

Biasing of the plasma edge is accomplished with one othe plasma potential, floating potential, and ion saturation
more insertable probes. One type of probe, used thus far f@urrent, were gathered using Langmuir probes inserted into
negative bias(electron injectioly, consists of a miniature the edge of MST plasmas. The plasma potential is measured
plasma sourcé& Another type of probe, used for both posi- using the swept probe technique, where a sinusoidal bias
tive and negative biasing, consists essentially of a biasedoltage is applied to the probe tip. Profiles of these electro-
piece of molybdenum. Typically, from 4 to 8 of the plasma static quantities are mapped out one radial location at a time.
sources are inserted about 4 cm from the plasma boundary ta each discharge, data corresponding to periods of improved
provide the bias(typically ~*=300V) necessary for en- or standard confinement is time averaged, and time averages
hanced particle confinement. Similar results can be achieveflom a number of similar discharges are ensemble averaged
with only one of the molybdenum probes, but the probe musto arrive at each profile data point. Similarly, fluctuation
be inserted 10-15 cm from the plasma boundary. Unlike th@ower spectra result from an ensemble average of spectra
other two types of enhanced confinement discharge, biasadeasured in a number of similar discharges. All data shown
discharges are not subject to strict density limits or the needvere measured well away fronfperturbativé sawtooth
for careful wall conditioning. However, these discharges arecrashes.
limited to relatively low toroidal plasma current
(~200-300 kA) to prevent destruction of the probes. 'e\1\NCED CONFINEMENT AND FLUCTUATION

The discharges with spontaneous confinement improves EDUCTION
ment, to which we refer henceforth as enhanced confinement
(EC) discharges, are achieved subject only to certain opera- All three types of enhanced confinement discharge in the
tional requirements. The most important are sufficiently lowMST exhibit improved particle confinement, while only EC
density and sufficiently strong toroidal field reversal, the lat-and PPCD discharges exhibit improved energy
ter represented by the reversal paraméterB,(a)/(B,),  confinement®~?! This is summarized in Table I, which in-
whereB (a) is the toroidal field at the edge, akB,) isthe  cludes standard discharges for comparison. The improved
cross-section average. The reversal and density requiremergkobal particle confinement in all three enhanced confine-
relax with increasing plasma currert,. For example, at ment cases is evidenced by a decreased particle source rate
| ~200 kA, the minimuntleast negativeF ~—0.5, and the  (indicated by neutral hydrogen or deuterium radiatiand a
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TABLE |. Energy confinement times and fluctuation behavior for different A 50
discharges. Particle confinement improves in all nonstandard cases. 'E T
o
Energy Global Edge f';’ 15[ With bias ]
Discharge confinement magnetic electrostatic o )
type time fluctuations fluctuations A
Standard 1ms £ 1.0r ]
-------------- ® . .
Biased 1ms unaffected reduced S Without bias
EC 3ms reduced reduced © o5k ]
PPCD 5ms reduced reduced S I
ey
k3 [
2 0 L 1 ] 1 L
w -60 -40 -20 0 20 40 60

line-averaged density that is constant or increasing. The in- Minor radius (cm)

crease in energy confinement time in the EC and PPCD casef. 2. Electron density profiles with and without edge biasing, measured
occurs with both an increase in the plasma stored energy arvdth an 11-chord interferometer.
a decrease in the ohmic input power.

A. Biased discharges In addition to a global improvement in particle confine-

With the application of bias in the plasma edge, there ignent with biasing, there is also some evidence for a local
a decrease in floating potential fluctuations, which are comimprovement in the edge. Shown in Fig. 2 are two electron
prised of fluctuations in the plasma potential and electrorflensity profiles in discharges with and without bias. In addi-
temperature. The reduction of floating potential fluctuationstion to the difference in total particle number, the profile with
along with the bias-induced change in the plasma poten’[ia{.pias is substantially steeper in the edge, indicative of locally
profile, are illustrated in Fig. 1. These data were gathered ifieduced particle transport.
discharges with ,= 220 kA and(ng)~1x 10'3 cm™3. When
bias(negative, in this cagés applied to the plasma edge, the g, EC discharges
plasma potential\(,) profile steepens substantially, leading

to an increased gradient in the radial electric fieH, ( X
= —VV,) profile and increased shear in teB flow. This crease in edg&xB flow shear occur spontaneously. The

increased shear is reflected by the toroidal flow of impurityPl@Sma potential profiles from standard and EC discharges
ions at different minor radfi® At the same time, floating &' Shown in Fig. 3. Operationally, these two cases differ

potential fluctuations are reduced over the entire edge, an@fly in the reversal of the toroidal magnetic fiell(EC)
this reduction is broadbanthot shown, spanning the fre- — —0-5 whileF(standard)- —0.2. The data in Fig. 3, and in

quency range of the measurementi— 250 kHz). Thus the the remaining figures in this paper, were recorded At

_ N 2 a3 Hoc in i
reduction includes fluctuations of both large and small spa= 200 KA and(n) 5x10? cm™*. The profiles in Fig. 3

illustrate that the change in plasma potential leading to the

In EC discharges, the improved confinement and in-

tial scale. ! :
increase iNRExB flow shear occurs locally. The plasma po-
tential changes little from 45 cm out to the plasma boundary.
The reduction of electrostatic and magnetic fluctuations
100 T T T T 1 in EC discharges is illustrated in Fig. 4. The floating poten-
50 % % . tial measured 2 cm from the plasma boundary is shown in
< ok { i Fig. 4@), and in Fig. 4b) is shown the rms fluctuation in the
~ magnetic field,b,,s, measured with an array of magnetic
>+ -50F { 7 pickup coils at the plasma boundary. Before and after the
-100 | (a) period of enhanced confinement, fluctuation levels are sub-
-150 | | | | | | |
— | 1 i i I 1
g B X . 70 é T T T T
T °r o X i 50 1 ¢ 7
03, 4 - ® X _ —~ 30 -
) >
E- 2 : i >.< ] VQ. 10 1
g _ (b) § > 0 x @ ;-
- 0 L0 ) g -30 x -
42 44 46 48 50 -50 L L L L L
42 43 44 45 46 47 48

Minor radius (cm)

FIG. 1. Profiles of thga) plasma potential antb) total fluctuation power
(integration over a power spectriyiim the floating potential witH®) and
without (X) edge biasing. The biasing probgdasma sources, in this case

are centered at-46 cm. The plasma boundary is at 51 cm.

FIG. 3. Profiles of the plasma potential in H®) and standardX) dis-
charges. Error bars for the standard profilet plotted are similar to those

for the EC profile.

Minor radius (cm)
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FIG. 5. Fluctuation power spectra calculated from the floating potential 2
FIG. 4. (a) Floating potential 2 cm from the plasma boundafly) rms cm from the plasma boundary. Two EC spectra are shown, one including
fluctuation in the magnetic field normalized to the total field at the edge, andand the other excluding the dynamo bursts illustrated in Fig. 4. The lower-
(c) surface poloidal voltage during an EC discharge. most spectrum is noisier than the other two as it is comprised of a smaller
ensemble of spectrdour, compared to-25 in the other twh

stantial, and confinement is degraded. The fluctuation power bal m=1 . des. Th h b d
also increases periodically throughout the EC period. Thes obalm=1 tearing modes. The coherence between edge

bursts”® are manifestations of the RFP dynamo, and theﬁleitro?tatlc(flogtlng po;t_en;tllal tanf_l ion Taturatl?(n curr}ar:jt 20
will be described more below. uctuations and magnetic fluctuations also peaks aroun

29 ion i i
The dominant contributors td,. are m=1 tearing kHz.“* Such a correlation is also observed in the edge of the

modes, resonant at various locations in the plasma cor(%Xtrap _Tl RFF_? This may imply that the global magnetlc_:
Modes withm=0. all resonant at the toroidal field reversal Huctuations drive a low level of electrostatic fluctuations in

) . , the edge.
radius (whereq=m/n=0), also contribute during each dy- . . . . .
namo burst. Between bursts,, drops to~1%, which is The reduction of electrostatic fluctuations in EC dis-

close to the record lovb, .~ 0.8% achieved during PPCD charges occurs over the entire edge. This is illustrated in Fig.
discharge& The m=1 rr;rgjjes are driven primarily by gra- 6(a), in which we plot profiles of the total fluctuation power.

dients in thew = 110J-B/B2 profile, and the goal of the PPCD Also plotted is the EC plasma pote_ntial profil_e. In addition to
technique is to favorably flatten(r). Thus the reduction of the rgughly factqr of 10 reduction in fIl_Jctuatlon power atall
these magnetic fluctuations with PPCD is anticipated. HOW_Iocatlons, there is an extra reduction in the region of strong
ever, their reduction in EC discharges, which utilizes no ac—ExB flqw shear. o . . .
tive current profile control, requires passive profile modifica- As IS the case in b|a§ed discharges, t_here IS some evi-
dence for an edge reduction of transport in EC discharges,

tion or other explanations. L :
Shown in Fig. 4c) is the surface poloidal voltage, which perhaps caused by tiiex B flow shear. This is illustrated in

increases in a positive sense with an increase in the toroidal
magnetic flux in the plasma volume. The periodic bursts ob-
served during the EC period in the floating potential Bpgl
also appear in the surface poloidal voltage. Thus they corre-
spond to an increase in toroidal flux, brought about by po-
loidal current internally generated by the plasma. Such cur-
rent generation characterizes the RFP dynamo. Another
common form of RFP dynamo event is the sawtooth
crash?>~2"which arises from the rapid destabilization of the
core-resonanin=1 modes. In contrast to sawtooth crashes,
the dynamo events occurring during EC discharges originate
with the m=0 modes, resonant in the edfe®?’ The mo-
mentary increase itb,,s caused by these events is domi-
nantly m=0. Note that these events occur during PPCD dis-
charges as wellas will be shown beloy?®
To further illustrate the reduction of electrostatic fluctua- o

tions in EC discharges, we plot standard and EC electrostatic X
fluctuation power spectra in Fig. 5. As is the case in biased 44 46 48 50
discharges, the fluctuation reduction in EC discharges is Minor radius (cm)
broadband {-1-250 kHz), including both long- and short- _ _
wavelength fluctuations. In the lowermost spectrum in Fig. 5 IG. 6. (a) EC plasma potential profile and E@®) and standard>) pro-

. . . iles of total (integrated fluctuation power in the floating potential aio)
one observes a local maximum in the fluctuation power aFon saturation current in both cases. Error bargbnare smaller than the
~20 kHz, which is the dominar(totation frequency of the plot symbols.
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@ -5 WM ! ! 7 FIG. 8. (a) PPCD plasma potential profilgh) and PPCD(®) and standard
} -10 ' ' (d) (X) profiles of total(integratedl fluctuation power in the floating potential
5 10 15 20 25 and (b) ion saturation current in both cases.
Time (ms)
FIG. 7. (a) Plasma potential profile in PPCD dischargés,rms fluctuation Shown in Figs. ®)—7(d) is a discharge with PPCD ap-

in the magnetic field normalized to the total field at the edggfloating . . ) ; ..
potential at the plasma boundary, afi parallel electric fieldcalculated ~ Plied. Figure Td) depicts the parallglpoloidal) electric field

from the surface poloidal voltagat the plasma boundary. calculated from the surface poloidal voltage. During the
PPCD phase of the discharge, one notes four triangular
waveforms in the electric field. This illustrates that PPCD in
Fig. 6(b), which contains the EC and standard profiles of thethis case is comprised of four individual inductive current
ion saturation current]g, neTé’Z, whereT, is the electron pulses. In Figs. (b) and 7c) are plotted the rms fluctuation
temperaturelg,;andVJg . are larger over most of the plasma in the magnetic field and the floating potential at the plasma
edge in the EC case, implying thdtn, and/or VT, are  boundary. In this particular discharge, both magnetic and
larger. The EC profile is steepest in two locations that overelectrostatic fluctuations decrease in the middle of the PPCD
lap the flow shear region, but this profile is flat in the centerphase. This magnetic fluctuation amplitude is the record-low
of the shear region. The increase Wi, and/orVT, in the  MST value of 0.8%?
region of strong shear is consistent with this region acting as  Also occurring during the PPCD phase are two of the
a barrier to particle and/or energy transgoine local flatten-  small dynamo bursts, first introduced in Fig. 4. They occur at
ing, whereE, = — VV, peaks, may result from a minimum in about 16 ms, just before the fluctuation amplitudes drop.
the flow sheak These closely spaced events are most easily observed in the
floating potential and parallel electric field, but they also ap-
: ear in the magnetic fluctuations.
C. PPCD discharges P Like biasedgand EC discharges, the reduction of electro-
Since the core-resonant=1 magnetic fluctuations are static fluctuations during PPCD occurs over the entire
driven by a gradient in the parallel current density profile,plasma edge, and it is broadbaimsbt shown), including fluc-
current profile control has been proposed to reduce thedmations at low and high frequency. The edge-wide reduction
fluctuations. In particular, edge parallgboloida) current s illustrated in Fig. 8), which contains the total electro-
drive is required in the RFP. PPCD is an inductive, poloidalstatic fluctuation power profiles for PPCD and standard dis-
current drive produced by changing the toroidal magneticharges. Also included in this figure is the PPCD plasma
flux, and the reduction of then=1 magnetic fluctuations potential profile. Where the flow shear is largest, around 43
during PPCD is expected. cm, one observes a local tapering in the fluctuation power,
Like biased and EC discharges, discharges with PPCBomewhat reminiscent of the fluctuation power profile in the
also exhibit increase& xB flow shear in the edge. This is EC case.
illustrated in Fig. Ta), which contains the plasma potential There are also indications of a reduction of edge trans-
profile measured during PPCD discharges. This profile caport during PPCD. The evidence again lies in the ion satura-
be compared with the standard profile shown in Fig. 3. Theion current profile, presented in Fig(8. The standard pro-
local maximum in the plasma potential at 44 dffig. 7)  file in this figure is the same as in Figi®. Compared to the
results in a region of large flow shear broader than that in EGtandard caselg, and VJg, are larger from about 46 cm
discharges. The reason for this additional structure wittinward with PPCD, implying tha¥ n, and/orVT, are larger.
PPCD has not been established. The PPCD profile oflg is relatively featureless, but one
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notes that the profile does steepen with decreasing radiug,= ;,,J-B/B? profile. Thus the reduction of these fluctua-
particularly around 43 cm, where thexB flow shear is  tions with PPCD is expected, as reductionVoi is the pur-
strongest and the total electrostatic fluctuation power is depose of PPCD. However, their reduction (spontaneoys
creasing. Thus the flow shear may be playing a role in th&C discharges requires either passiv@rofile modification
reduction of edge particle and/or energy transport duringr other explanations. Three nonexclusive possibilities,

PPCD. which may also play a role in PPCD discharges, are based on
(1) the reduction of edge resistivity2) the small dynamo
IV. MECHANISMS FOR FLUCTUATION REDUCTION bursts, and3) direct interaction with th&exB flow shear.

In the Extrap T1 RFB! and in simulations!*? the m
=1 fluctuation amplitudes are observed to incre@sel de-

In biased, EC, and PPCD discharges, electrostatic flucsrease with edge resistivity. Measurements of edge resistiv-
tuations of both large and small spatial scale are reducellly (~ZeqTe %2 whereZ; is the mean ionic chargare not
within and beyond the region of strorigxB flow shear in  yet available in the MST, but the decreased impurity content
the plasma edge. The increased flow shear can play son@d increased bulk temperature of EC and PPCD
role in these reductions. Short wavelength fluctuations lyinglischargeS ™ suggest that the resistivity probably de-
entirely within the region of strong flow shear can be re-creases.
duced if the strong shear criterion is satisfie@ihe flow Each of the small dynamo bursts, first introduced in Fig.
shear is considered strong if tiexB flow shearing rate is 4, is accompanied by a momentary increase in the poloidal
larger than the rate of turbulent radial scattering of fluctua{~ paralle) current in the plasma edge. Thus these bursts
tions due to the ambient turbulen@e the absence dExB may help to reduc& u and them=1 magnetic fluctuations.
flow shea).? For example, in EC discharges, the shearingFollowing the burst oim=0 activity associated with each of
rate (for the circular RFP ws~(1/B)JE,/or~7x10°/s.  these events, there is sometimes a decr@eitiein ~0.1 m9
The turbulence scattering rate-s3x 10°/s, estimated from of them=1 mode amplitudes, consistent with a reduction of
the width of the standard-discharge fluctuation power specVu. However, then=1 amplitudes can sometimes increase
trum measured at the radius where the flow shear develops In response to these events. Thus the effect of these dynamo
EC discharges. Thus EC discharges are in the strong shebursts varies.
regime, and fluctuation amplitudes within the shear region Recent work? has indicated that it is possible for the
are predicted to decrease. This criterion is also satisfied fdtow shear to directly affect the global tearing modes, even
biased and PPCD discharges. though the region of flow shear is located well outside each

In addition to the reduction of short wavelength fluctua-mode’s resistive layer and associated islands. If the flow
tions, there is also a reduction of long wavelength fluctuashear lies within one-folding length(a toroidal wavelength
tions, whose correlation lengths are substantially larger thanf the resistive layefwhich is the case in the MSTeach
the width of the flow shear region. To our knowledge, themode’s growth rate can be reduced whefivg/dr
interaction of such fluctuations with localizeeixB flow  >Va/Ls, where Ve is the ExB flow velocity, V4 is the
shear has not been studied analytically. However, as long alfvén speed, antl is the magnetic shear scale length. This
a fluctuation(turbulent eddy overlaps the shear region at inequality is marginally satisfied faestimatedl MST param-
some location, one can imagine the shear interrupting “‘cometers.
munication” between fluid elementsvithin the eddy iso-
lated from one another by the_flow shear. This interrupti'onv_ CONCLUDING DISCUSSION
effectively reduces the correlation length of the eddy, which
in turn can lead to a reduction in the fluctuation amplitide. =~ To summarize, there are three cases in the MST RFP

Unlike the previous two cases, the reduction of short-Where enhanced confinement is accompanied by sttonig
wavelength fluctuations not overlapping the shear regionflow shear in the plasma edge. Enhanced confinement occurs
e.g., those of short wavelength near the plasma boundar{l) when the plasma edge is bias¢#) spontaneously, fol-
must be explained in some other w@erhaps by a favorable lowing sawtooth crashes, an@ when auxiliary poloidal
change in some edge gradignt current is driven in the plasma edge. Measurements in stan-

One additional mechanism for electrostatic fluctuationdard (low confinementdischarges indicate that global mag-
reduction presents itself, but only for EC and PPCD dis-netic fluctuations drive particteand energ§transport in the
charges. In the lowermost power spectrum of Fig. 5, it wadlasma core, while electrostatic fluctuations drive particle
shown that the global magnetic fluctuations may drive a lowtransport in the plasma edde’ In biased discharges, edge
level of electrostatic fluctuations in the edge. Thus the coinelectrostatic fluctuations are reduced, and global particle
cident reduction of the magnetic fluctuations in EC andconfinement improves. In the other tw&C and PPCD

PPCD discharges may contribute to the reduction of the elecases, both edge electrostatic and global magnetic fluctua-
trostatic fluctuations. tions decrease, and both the global particle and energy con-

finement improve.
The ExB flow shear can play a role in the reduction of
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A. Electrostatic fluctuations

B. Magnetic fluctuations
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